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Abstract
The cross section for Θ+ production from the reaction γp → pi+K−Θ+, which was observed in
the CLAS experiment at the Jefferson National Laboratory, is evaluated in a hadronic model that
includes couplings of Θ+ to both KN and K∗N . With their coupling constants determined from
the empirical piNN(1710) and ρNN(1710) coupling constants using the SU(3) symmetry, the cross
section for this reaction has been evaluated by taking Θ+ to have spin 1/2 and isospin 0 but either
positive or negative parity. We find that the cross section is 10-15 nb if Θ+ has positive parity
as predicted by the chiral soliton model. The cross section is reduced by more than a factor of
10 if Θ+ has negative parity as given by lattice QCD studies. For both parities, the differential
distribution peaks at small negative four momentum transfer as expected from the dominating
t-channel kaon-exchange diagram that involves only the coupling of Θ+ to KN .
PACS numbers: 13.75.Gx,13.75.Jz,12.39.Mk,14.20.-c
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I. INTRODUCTION
One of the most exciting recent experiments in hadron spectroscopy is the detection of a
narrow baryon state from the invariant mass spectrum of K+n or K0p in nuclear reactions
induced by photons [1, 2, 3, 4] or kaons [5]. The extracted mass of about 1.54 GeV and width
of less than 21-25 MeV are consistent with those of the pentaquark baryon Θ+ consisting of
uudds¯ quarks and predicted in the chiral soliton model [6]. Its existence has also been verified
in the Skyrme model [7, 8, 9, 10, 11, 12], the constituent quark model [13, 14, 15], the chiral
quark model [16, 17], the QCD sum rules [18, 19, 20], and the lattice QCD [21, 22]. Although
most models predict that Θ+ has spin 1/2 and isospin 0, their predictions on Θ+ parity vary
widely. While the soliton model gives a positive parity and the lattice QCD studies favors
a negative parity, the quark model can give either positive or negative parities, depending
on whether quarks are correlated or not. Since the quantum numbers of the detected Θ+
are not yet determined in experiments, studies have therefore been carried out to predict its
decay branching ratios based on different assignments of the Θ+ quantum numbers [23, 24].
To evaluate the cross sections for Θ+ production from these reactions, we have employed a
hadronic model that is based on gauged SU(3) flavor symmetric Lagrangians with the photon
introduced as a Uem(1) gauged particle [25]. The symmetry breaking effects are taken into
account phenomenologically by using empirical hadron masses and coupling constants as well
as empirical form factors. For the reaction γp → K¯0Θ+, in which Θ+ was detected in the
SAPHIR experiment at Bonn University’s ELSA accelerator [4], the predicted cross section
reaches a value of about 40 nb at photon energy Eγ ∼ 3.5 GeV if the parity of Θ+ is taken
to be positive. This value is about an order-of-magnitude smaller than the 300 nb measured
in the experiment. On the other hand, the reaction γn→ K−Θ+, which corresponds to the
one seen in the LEPS experiment at SPring-8 [1] and the CLAS experiment at the Thomas
Jefferson National Laboratory (JLab) [2], is predicted to have a peak value of about 280 nb at
Eγ ∼ 2.2 GeV, comparable to that obtained in Ref.[26] using similar hadronic Lagrangians.
The much larger cross section for the reaction γn → K−Θ+ than that for the reaction
γp → K¯0Θ+ is due to coupling of the photon to the virtual K− accompanied with the
produced Θ+ [27], which is absent in the latter reaction. It was also pointed out in Ref.[27]
that if Θ+ is allowed to couple toK∗N with a coupling constant similar to theKNΘ coupling
and if one further includes the photon anomalous parity interactions with kaons, which are
2
responsible for the decay of K∗ to Kγ, then the cross section for the reaction γp→ K¯0Θ+ is
increased to about 350 nb, comparable to that quoted in the SAPHIR experiment, although
that for the reaction γn → K−Θ+ is only somewhat enhanced. In these studies, photon
interactions with the anomalous magnetic moment of nucleons are, however, not considered.
Including this contribution and using empirical form factors extracted from photoproduction
of lambda from protons, the cross sections for these reactions have been evaluated in Ref.[32]
and were again found to be a few hundred nb except that the one on protons is somewhat
larger than the one on neutrons. In both Ref.[26] and Ref.[32], it was further found that the
Θ+ production cross section is significantly reduced if its parity is negative.
Besides the reactions γp → K¯0Θ+ and γn → K−Θ+, the Θ+ was also observed in the
reaction γp→ π+K−Θ+ by the CLAS collaboration at JLab [3]. It was suggested in Ref.[3]
that this process is likely to result from the decay of K¯∗0 in the reaction γp→ K¯∗0Θ+. Since
this cross section has not been considered in previous studies, we shall evaluate it in this
paper using the hadronic Lagrangians introduced in Refs.[25, 27] but with improved con-
siderations of the Θ+ coupling constants and the form factors at strong interaction vertices.
Our results show that the magnitude of the cross section is sensitive to the parity of Θ+ and
is thus useful in the experimental determination of Θ+ parity.
II. Θ+ PRODUCTION FROM THE REACTION γp→ pi+K−Θ+
γp
KΘ +
K
∗0
γ
p
KΘ +
p
∗0
γp
KΘ
Θ
+ ∗0
0 +
(a) (b) (c)
FIG. 1: Diagrams for Θ+ production from the reaction γp→ K¯∗0Θ+.
The diagrams that contribute to the reaction γp → K¯∗0Θ+ are shown in Fig.1. If we
take Θ+ to have spin 1/2, isospin 0, and positive parity, then the following interaction
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Lagrangians are needed to evaluate the amplitudes for these diagrams:
LKNΘ = igKNΘN¯γ5ΘK + h.c.,
LK∗NΘ = gK∗NΘN¯γµΘK∗µ + h.c.,
LγNN = −eN¯
{
γµ
1 + τ3
2
− 1
4mN
[κp + κn + τ3(κp − κn)] σµν∂ν
}
AµN,
LγΘΘ = −eΘ¯γµΘAµ,
LγKK∗ = gγKK∗ǫαβµν∂αAβ[∂µK¯∗νK + K¯∂µK∗ν ]. (1)
In the above, A denotes the photon field while N , K, and K∗ are the isospin doublet
nucleon, kaon, and vector kaon fields, respectively; γµ and γ5 are Dirac matrices while
τ3 is the Pauli spin matrix; and ǫαβµν represents the antisymmetric tensor with the usual
convention ǫ0123 = 1.
The coupling constant gKNΘ can in principle be determined from the width ΓΘ of Θ
+.
Unfortunately, ΓΘ is not well known due to limitation of experimental resolutions. In our
previous studies [25, 27], we have taken the experimental upper limit of ΓΘ = 20 MeV and
obtained gKNΘ = 4.4 using
ΓΘ =
g2KNΘ
2π
k(
√
m2N + k
2 −mN)
mΘ
, (2)
where k is the momentum of nucleon with mass mN or kaon with mass mK in the rest frame
of Θ+. In the present study, we use SU(3) symmetry to relate gKNΘ to gpiNN10 between
the coupling of pentaquark N10 (uuddu¯, uuddd¯) and Nπ, i.e., gKNΘ =
√
6gpiNN10 [33], with
gpiNN10 determined from the decay width of N10 to Nπ, given by an expression similar to
Eq.(2) with gKNΘ, mΘ, and mK replaced by
√
3/2 times the πNN10 coupling gpiNN10 , the
N10 mass m10, and the pion mass mpi, respectively.
If we assume that the pentaquark N10 is the N(1710) in the particle data book [34],
we then obtain gpiNN10 ∼ 1.0 and thus gKNΘ ∼ 2.5 from ΓN(1710)→Npi ∼ 100 × 0.15 = 15
MeV, where 100 MeV is the total decay width of N(1710) and 0.15 is the branching ratio
for decaying to Nπ [34]. However, it was pointed out in Ref.[33] that N(1710) cannot be
a pure antidecuplet pentaquark baryon as it then cannot have the large decay branching
ratio to ∆π seen empirically. Following Ref.[33], we assume that antidecuplet pentaquark
baryons are mixed ideally with octet pentaquark baryons. In this case, the Θ+ remains a
pure antidecuplet pentaquark baryon but the mixed pentaquark baryons (
√
2N10−N8)/
√
3,
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where N8 (uddss¯, uudss¯) are octet pentaquark baryons, can be identified with theN(1710) in
the particle data book. This then leads to the coupling constant gpiNN10 ∼ 1.0×
√
3/2 ∼ 1.2
and thus gKNΘ = 3gpiNN10 ∼ 3.0. According to Eq.(2), this would give a Θ+ width of ΓΘ ∼ 9
MeV, which is smaller than that seen in photonucleon reactions [1, 2, 3, 4] but is larger than
that in kaon-nucleon reactions [5].
The coupling constant gK∗NΘ between Θ
+ and NK∗ can be similarly determined from
the SU(3) relation gK∗NΘ = 3gρNN(1710). Since the rho meson has a large decay width, the
decay width of N10 to Nρ is given differently from that for its decay to Nπ, i.e.,
ΓN(1710)→Nρ =
3g2ρNN(1710)
4π
∫
dm M(m)
k
mN(1710)
×
[√
m2N + k
2 − 3mN +
√
m2 + k2
m2
(m2N(1710) −m2 −m2N)
]
, (3)
where k is the three momentum of nucleon or rho meson with mass m in the rest frame of
N(1710). In the above,
M(m) =
αΓ(m)
2π[(m−mρ)2 + Γ2(m)/4] (4)
is the rho meson mass distribution with mass-dependent width Γ(m) = Γρ(k/kρ)
3(mρ/m)
3,
where Γρ = 150 MeV is the empirical width of rho meson when its mass is mρ = 770
MeV, and kρ =
√
m2ρ/4−m2pi and k =
√
m2/4−m2pi. The constant α = 1.256 is introduced
to normalize the rho mass distribution, i.e.,
∫
dm M(m) = 1. Using the empirical value
ΓN(1710)→Nρ ∼ 15 MeV, we obtain gK∗NΘ ∼ 1.8. As the sign of gK∗NΘ relative to that of
gKNΘ cannot be fixed by SU(3) symmetry, we shall consider both signs for the coupling
constant gK∗NΘ = ±1.8 as well as for gK∗NΘ = 0.
For photon coupling to nucleon, we include also its interaction with the anomalous mag-
netic moment of nucleons with empirical values of κp = 1.79 and κn = −1.91. Since the
anomalous magnetic moment of Θ+ is not known, we neglect its coupling to photon.
The coupling constant gγKK∗ denotes the photon anomalous parity interaction with kaons
and has the dimension of inverse of energy. Its value is gγK0K∗0 = 0.388 GeV
−1 using the
decay width ΓK∗0→K0γ = 0.117 MeV of K
∗0 to kaon and photon [27]. Although the sign
of gγKK∗ relative to other coupling constants in the interaction Lagrangians is not known
either, it is not relevant for our study as both constructive and destructive interferences
among the three diagrams in Fig. 1 are automatically taken into account by using different
signs for the coupling constant gK∗NΘ.
5
The amplitudes for the three diagrams shown in Fig. 1 for the reaction γp→ K¯∗0Θ+ are
then given, respectively, by
Mt = igγK0K∗0gKNΘΘ¯(p3)γ5 ǫαβµνp
α
2 ǫ
β
2p
µ
4ǫ
ν
4
t−m2K
p(p1),
Ms = −egK∗NΘΘ¯(p3)ǫ4 · γ (p1 + p2) · γ +mN
s−m2N
[
1 +
κp
2mN
p2 · γ
]
ǫ2 · γ p(p1)
Mu = −egK∗NΘΘ¯(p3)ǫ2 · γ (p1 − p4) · γ +mΘ
u−m2Θ
ǫ4 · γ p(p1). (5)
In the above, we have introduced the usual Mandelstan variables s = (p1−p2)2, t = (p1−p3)2,
and u = (t1− t4)2, with p1, p2, p3, and p4 denoting the momenta of proton, photon, Θ+, and
K∗0, respectively. The polarization vectors of photon and K∗0 are given, respectively, by ǫ2
and ǫ4.
To take into account the internal structure of hadrons, form factors are needed at strong
interaction vertices. In our previous studies of Θ+ production in the reactions γN →
K¯Θ, we have used the same form factor F (q2) = Λ2/(Λ2 + q2), where q is the three
momentum of photon in the center of mass frame, for all amplitudes in order to keep
the total amplitude gauge invariant. The cutoff parameter Λ = 0.75 GeV used in these
studies is obtained from fitting the empirical charmed hadron production cross section in
photon-proton reactions at 6 GeV with similar interaction Lagrangians based on SU(4)
flavor symmetry with empirical hadron masses and coupling constants [35]. Although this
form factor suppresses the growth of total cross section with increasing center of mass
energy, it does not damp sufficiently the increasing contribution of t−channel diagram to
the differential cross section at large four momentum transfer. This can be improved by
using a form factor for the t−channel amplitude that depends on the momentum of the
exchanged particle instead of the momentum of the photon. Since the t−channel amplitude
is gauge invariant by itself, the total amplitude remains gauge invariant even the form factor
for the t−channel amplitude is different from that for the s− and u−channel amplitudes.In
the present study, we follow, however, the method of Ref.[28] for photoproduction of lambda
from protons by introducing different covariant form factors for the s−, t−, and u−channel
amplitudes, and they are given by
F (x) =
Λ4
Λ4 + (x−m2x)2
, (6)
where x = s, t, and u with corresponding masses mx = mN , mK , and mΘ of the off-shell
particles at strong interaction vertices. The cutoff parameter Λ characterizes the off-shell
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momentum above which hadron internal structure becomes important, and its value will
be determined empirically. Although the t−channel amplitude Mt after including the form
factor F (t) remains gauge invariant, adding form factors F (s) and F (t) respectively to the s−
and t−channel amplitudes Ms andMu leads to terms that violate the gauge invariance. The
gauge violation can, however, be removed by introducing a contact term in the interaction
Lagrangian that gives an additional amplitude of the form
Mc = −2egK∗NΘΘ¯(p3)ǫ4 · γ
[
ǫ2 · p1
s−m2N
(Fˆ − F (s)) + ǫ2 · p3
u−m2Θ
(Fˆ − F (u))
]
p(p1), (7)
with Fˆ = 1 [29], asF (s) + auF (u) (as + au = 1) [30], or Fˆ = F (s) + F (u) − F (s)F (u)
[31]. Here, we adopt the last Fˆ in order to maintain both crossing symmetry and the pole
structure of original amplitude. To determine the value of cutoff parameter Λ, we again use
similar interaction Lagrangians based on the SU(4) flavor symmetry with empirical masses
and coupling constants to study charmed hadron production from photon-proton reactions
at center-of-mass energy of 6 GeV [35]. Comparisons with available experimental data gives
Λ = 0.8 GeV, which is similar to the soft form factor considered in Ref. [28] for describing
experimental data on lambda production in photoproton reactions.
The resulting differential cross section for the reaction γp→ K¯∗0Θ+ is then
dσγp→K∗0Θ+
dt
=
1
256πsp2i
|F (t)Mt + F (s)Ms + F (u)Mu +Mc|2, (8)
where pi is the magnitude of the three momenta of initial-state particles in the center-of-mass
frame, i.e., pi = (s−m2N )/2
√
s.
Since K¯∗0 can decay into either π+K− or π0K¯0 with a branching ratio of 2 to 1, the
differential cross section for the reaction γp→ π+K−Θ+ is thus 2/3 of that given by Eq.(8).
III. RESULTS
A. positive parity Θ+
We first show in Fig. 2 the total cross section for the production of a positive parity
Θ+ in the reaction γp→ π+K−Θ+ obtained without form factors but with different values
of 1.8 (dotted curves), 0 (solid curves), and -1.8 (dashed curves) for the coupling constant
gK∗NΘ. It is seen that the cross section with gK∗NΘ = 0, corresponding to neglect of s− and
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FIG. 2: Total cross section for the production of positive parity Θ+ from the reaction γp →
pi+K−Θ+ as a function of photon energy obtained without form factors and for the coupling
constant gK∗NΘ = 1.8 (dotted curves), 0 (solid curves), and -1.8 (dashed curves).
u−channels diagrams (b) and (c) of Fig. 1, generally has the smallest value. This implies
that s− and u−channel contributions due to K∗NΘ coupling are most important when we
neglect the internal structure of hadrons.
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FIG. 3: Same as Fig.2 with form factors.
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Including form factors at strong interaction vertices according to the method described
in the previous section, the resulting total cross sections are shown in Fig. 3 for the coupling
constant gK∗NΘ = 1.8 (dotted curves), 0 (solid curves), and -1.8 (dashed curves). In this
case, the cross sections are more than two orders of magnitude smaller than corresponding
ones shown in Fig. 2 without form factors. Furthermore, unlike the case without form
factors, the dependence of the cross section on the value of gK∗NΘ is small. This result thus
shows that the effect of form factors on s and u channels are much stronger than on the t
channel, which gives the dominant contribution when the hadron internal structure is taken
into account. Depending on the value of gK∗NΘ, the total cross section obtained with form
factors has a peak value of 10-15 nb at photon energy Eγ ∼ 3.5 GeV.
0.1
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G
e
V
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FIG. 4: Differential cross section for production of a positive parity Θ+ from the reaction γp →
pi+K−Θ+ at Eγ=3, 4 , 5, and 6 GeV obtained with form factors and for the coupling constant
gK∗NΘ = 1.8 (dotted curves), 0 (solid curves), and -1.8 (dashed curves).
In Fig. 4, we show the differential cross section for producing a positive parity Θ+ in the
reaction γp → π+K−Θ+ as a function of negative four momentum transfer −t for photon
energies of Eγ =3, 4, 5, and 6 GeV and using different values of 1.8 (dotted curves), 0
(solid curves), and -1.8 (dashed curves) for the coupling constant gK∗NΘ. In all cases, the
differential cross section peaks at small negative four momentum transfer as expected from
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the dominant t−channel diagram in Fig. 1.
B. negative parity Θ+
We have assumed in the above that the parity of Θ+ is positive as predicted by the
chiral soliton model [6]. On the other hand, results from lattice QCD calculations have
indicated that the mass of Θ+ observed in experiments is consistent with that of a negative
parity pentaquark baryon with spin 1/2 and isospin 0 [21, 22]. In this case, the interaction
Lagrangians involving Θ+ are given by
LKNΘ = gKNΘN¯ΘK + h.c.,
LK∗NΘ = igK∗NΘN¯γ5γµΘK∗µ + h.c.. (9)
This changes the expression for the Θ+ width shown in Eq.(2), i.e., the −mN is replaced
by mN . As a result, the coupling constant gKNΘ is reduced by about a factor of 7, i.e.,
gKNΘ = 0.42 if the Θ
+ width is taken to be 9 MeV. Since N(1710) is known to have
positive parity, it could not be in the same multiplet as Θ+ if the latter has negative parity.
The SU(3) relation used previously for relating gK∗NΘ to gρNN(1710) is then not applicable.
Instead, we assume that the ratio gK∗NΘ/gKNΘ remains the same whether Θ
+ has positive
or negative parity. This leads to gK∗NΘ = 0.25 for negative parity Θ
+.
The amplitudes for the three diagrams in Fig. 1 for producing a negative parity Θ+ are
similar to those in Eq.(5) for positive parity Θ+ except that the factor iγ5 should be inserted
after Θ¯(p1) in all three amplitudes. The iγ5 is also needed in the amplitude shown in Eq.(7)
due to the contact interaction introduced for canceling the gauge violating terms after form
factors are included at strong interaction vertices. The cross section formula for the reaction
γp→ π+K−Θ+ with negative parity Θ+ remains to be 2/3 of Eq.(8).
The total cross section for producing a negative parity Θ+ from the reaction γp →
π+K−Θ+ is shown in Fig.5 for the three values of 0.25 (dotted curves), 0 (solid curves), and
-0.25 (dashed curves) for gK∗NΘ. Form factors at strong interaction vertices are taken to
have the same form shown in Eq.(6) with cutoff parameter Λ = 0.8 GeV as in the case of
positive parity Θ+. It is seen that these cross sections are insensitive to the value of gK∗NΘ
as the dominant contribution is from the t−channel diagram involving only gKNΘ. Their
magnitude is more than an order-of-magnitude smaller than that for producing a positive
10
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FIG. 5: Total cross section for the production of negative parity Θ+ from the reaction γp →
pi+K−Θ+ as a function of photon energy for the coupling constant gK∗NΘ = 0.25 (dotted curves),
0 (solid curves), and -0.25 (dashed curves).
parity Θ+. The peak value is now only about 1.5 nb.
In Fig. 6, the differential cross section for producing a negative parity Θ+ as a function
of negative four momentum transfer −t is shown for four photon energies of Eγ = 3, 4,
5, and 6 GeV with the coupling constant gK∗NΘ having values of -0.25 (dashed curves), 0
(solid curves), and 0.25 (dotted curves). As in the production of positive parity Θ+, the
differential cross section for producing a negative parity Θ+ in the reaction γp→ π+K−Θ+
always peaks at small negative four momentum transfer.
IV. DISCUSSIONS
The reaction γp→ π+K−Θ+ can also proceed via the exchange of K∗− as shown in Fig.
7 besides through the decay of K¯∗0 shown in Fig. 1. This process involves an additional
strong interaction vertex K∗Kπ compared to those in Fig.1. Although the coupling constant
gpiKK∗ = 3.28, determined from the decay width ΓK∗→Kpi = 50.8 MeV of K
∗, is not small,
the additional form factor would reduce its contribution significantly compared to that from
the diagrams shown in Fig. 1. Similar considerations for the reactions γn→ π0K−Θ+ and
γn→ π−K¯0Θ+ have shown that the contribution from the K∗ exchange is negligible (about
11
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FIG. 6: Differential cross section for production of a negative parity Θ+ from the reaction γp →
pi+K−Θ+ at Eγ=3, 4 , 5, and 6 GeV obtained with form factors and for the coupling constant
gK∗NΘ = 0.25 (dotted curves), 0 (solid curves), and -0.25 (dashed curves).
γp
Θ +
Κ 0 Κ ∗−
Κ −pi +    
FIG. 7: Diagram for Θ+ production from the reaction γp→ pi+K−Θ+ via K∗− exchange.
a few %) compared to that from the K∗ decay [27]. It is thus safe to neglect its contribution.
The coupling constant gKNΘ used in present study is determined using SU(3) symmetry
from the coupling constant gpiNN(1710), which can be extracted from the empirical decay width
of N(1710) to Nπ. The resulting value leads to a Θ+ decay width of about 9 MeV, which is
between those seen in photonucleon experiments [1, 2, 3, 4] and in kaon-nucleon reactions
[5]. On the other hand, if Θ+ width is less than 1 MeV as suggested in Refs.[36, 37] based on
analyses of K+n scattering data, the cross sections shown in the above, which are dominated
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by t−channel contribution due to the KNΘ coupling, would be reduced significantly as it is
then proportional to the square of the coupling constant gKNΘ, similar to the width of Θ
+
as shown in Eq.(2).
The calculated cross section is also sensitive to the value of cutoff parameter used in
the form factors as shown by Figs.2 and 3 for results without and with form factors. If
we use a harder form factor with cutoff parameter Λ = 1.6 GeV, which is twice the value
used in present study, the resulting cross sections would increase by more than an order of
magnitude. To have a reliable prediction for the cross section for the reaction γp→ π+K−Θ+
as well as those for other Θ+ production reactions thus requires a good knowledge on both
the coupling constants gKNΘ as well as the form factors.
V. SUMMARY
Using interaction Lagrangians that involve couplings of Θ+ to both KN and K∗N , we
have evaluated the cross section for its production in the reaction γp → π+K−Θ+. The
couplings constant gKNΘ and gK∗NΘ are determined via SU(3) relations from the empirical
coupling constants gpiNN(1710) and gρNN(1710) assuming that N(1710) is an ideal mixture of
antidecuplet and octet pentaquark baryon. With empirical cutoff parameter in the form
factors, the cross section has been calculated for either positive or negative parity Θ+. We
find that value of the cross section for producing a positive Θ+ is 10-15 nb with dominating
contribution from the t−channel kaon-exchange diagram that involves only the KNΘ cou-
pling. The cross section is reduced by an order of magnitude if Θ+ has negative parity. In
both cases, the differential cross section peaks at small negative four momentum transfer as
expected from t−channel meson-exchange processes.
Acknowledgments
V.K. is grateful to Maxim Polyakov for very helpful discussions. This paper was based
on work supported in part by the US National Science Foundation under Grant No. PHY-
13
0098805 and the Welch Foundation under Grant No. A-1358.
[1] T. Nakano et al., Phys. Rev. Lett. 91, 012002 (2003).
[2] S. Stepanyan et al. (CLAS Collaboration), hep-exp/0307018.
[3] V. Kubarovsky and S. Stepanyan, hep-exp/0307088.
[4] J. Barth et al. (SAPHIR Collaboration), hep-exp/0307083.
[5] V.V. Barmin et al., hep-ex/0304040.
[6] D. Diakonov, V. Petrov, and M. Poliakov, Z. Phys. A 359, 305 (1997).
[7] M. Praszalowicz, hep-ph/0308114.
[8] M.V. Polyakov and A. Rathke, hep-ph/0303138.
[9] H. Walliser and V.B. Kopeliovich, hep-ph/0304058.
[10] B.K. Jennings and K. Maltman, hep-ph/0308286.
[11] D. Borisyuk, M. Faber, and A. Kobushkin, hep-ph/0307370.
[12] N. Itzhaki, I.R. Klebanov, P. Ouyang, and L. Rastelli, hep-ph/0309305.
[13] Fl. Stancu and D.O. Riska, hep-ph/0307010.
[14] M. Karliner and H.J. Lipkin, hep-ph/0307243.
[15] R.L. Jaffe and F. Wilczek, hep-ph/0307341.
[16] A. Hosaka, Phys. Lett. B 55, 571 (2003).
[17] L.Y. Glozman, hep-ph/0308232.
[18] S.L. Zhu, hep-ph/0307042.
[19] R.D. Matheus, F.S. Navarra, M. Nielsen, R. Rodrigues da Silva, and S.H. Lee, hep-ph/0309001.
[20] J. Sugiyama, T. Doi, and M. Oka, hep-ph/0309271.
[21] F. Ciskor, Z. Fodor, S. D. Katz, and T. G. Kova´cs, hep-lat/0309090.
[22] S. Sasaki, hep-lat/0310014.
[23] C.E. Garlson, C.D. Carone, H.J. Kwee, and V. Nazaaryan, hep-ph/0307396.
[24] X. Chen, Y. Mao, and B.Q. Ma, hep-ph/0307381.
[25] W. Liu and C.M. Ko, Phys. Rev. C 68, 045203 (2003).
[26] S.I. Nam, H.-Ch. Kim, T. Hyodo, D. Jido, and A. Hosaka, hep-ph/0309017.
[27] W. Liu and C. M. Ko, nucl-th/0309023.
[28] S. Janssen, J. Ryckebusch, D. Debruyne, and T. Van Cauteren, Phys. Rev. C 65 015201
14
(2002).
[29] K. Ohta, Phys. Rev. C 40, 1335 (1989).
[30] H. Haberzettl, C. Bennhold, T. Mart, and T. Feuster, Phys. Rev. C 58, R40 (1998).
[31] R. M. Davidson and R. Workman, Phys. Rev. C 63 058201 (2001).
[32] Y. Oh, H. Kim, and S.H. Lee, Phys. Rev. D, in press; hep-ph/0310019.
[33] Y. Oh, H. Kim, and S.H. Lee, hep-ph/0310117.
[34] Particle Data Group, K. Hagiwara et a., Phys. Rev. D 66, 010001 (2002).
[35] W. Liu, S.H. Lee, and C.M. Ko, Nucl. Phys. A724, 375 (2003).
[36] R.A. Arndt, I.I. Strakovsky, and R.L. Workman, hep-ph/0308012.
[37] J. Hadenbauer and G. Krein, hep-ph/0309243.
15
